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DISPLAY APPARATUS INCLUDING
FLEXIBLE VIBRATION MODULE AND
METHOD OF MANUFACTURING THE

FLEXIBLE VIBRATION MODULL

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s a Continuation Application of U.S.
patent application Ser. No. 16/443,434, filed on Jun. 17,
2019, which claims the benefit of and prionty to Korean
Patent Applications No. 10-2019-0037499, filed on Mar. 29,

2019; and No. 10-2018-0096924, filed on Aug. 20, 2018; the
entirety of each which is hereby incorporated by reference.

BACKGROUND
1. Technical Field

The present disclosure relates to a display apparatus, and
more particularly, to a display apparatus including a tlexible
vibration module and a method of manufacturing the flexible
vibration module.

2. Discussion of the Related Art

Generally, 1n display apparatuses, a display panel displays
an 1mage, and a separate speaker should be installed for
providing a sound. When a speaker 1s 1n a display apparatus,
the speaker occupies a space; due to this, the design and
spatial disposition of the display apparatus are limited.

A speaker applied to display apparatuses may be, for
example, an actuator, including a magnet and a coil. How-
ever, when the actuator 1s applied to the display apparatuses,
a thickness thereof 1s large. Piezoelectric elements that
enable thinness to be implemented are attracting much
attention.

Because the piezoelectric elements are fragile, the piezo-
clectric elements are easily damaged by an external impact.
Thus, the reliability of sound reproduction 1s low.

SUMMARY

Accordingly, the present disclosure 1s directed to a display
apparatus including a flexible vibration module and a
method of manufacturing the flexible vibration module that
substantially obviate one or more of the issues due to
limitations and disadvantages of the related art.

An aspect of the present disclosure 1s to provide a display

apparatus including a flexible vibration module that 1is
disposed on a rear surface of a display panel of the display
apparatus, vibrates the display panel to generate a sound,
and has a good sound pressure characteristic and good sound
localization.

Another aspect of the present disclosure 1s to provide a
display apparatus including a flexible vibration module that
1s flexible. Thus, may be applied to various application
fields, such as curved display apparatuses, rollable display
apparatuses, bendable display apparatuses, and flexible dis-
play apparatuses.

Additional features and aspects will be set forth in the
description that follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tive concepts provided herein. Other features and aspects of
the inventive concepts may be realized and attained by the
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2

structure particularly pointed out in the written description,
or derivable therefrom, and the claims hereof as well as the

appended drawings.

To achieve these and other aspects of the mmventive
concepts as embodied and broadly described, there i1s pro-
vided a display apparatus, including: a display panel con-
figured to display an 1image, and a tlexible vibration module
on a rear surface of the display panel, the flexible vibration
module configured to vibrate the display panel, the flexible
vibration module including: a plurality of first portions
having a piezoelectric characteristic, and a plurality of
second portions respectively between pairs of the plurality
of first portions, the plurality of second portions having
flexibility.

In another aspect, there 1s provided a display apparatus,
including: a tlexible display panel capable of being wound
in a spiral shape, unwound, or at a certain curvature radius,
the flexible display panel including a display area configured
to display an image, and a flexible vibration module on a rear
surface of the flexible display panel to correspond to the
display area and bent based on unwinding or winding of the
flexible display panel or bent based on a curvature of the
flexible display panel, the flexible vibration module 1nclud-
ing: a plurality of vibration portions, and a plurality of
clastic portions respectively between pairs of the plurality of
vibration portions, the plurality of elastic portions having
flexibility.

In another aspect, there 1s provided a method of manu-
facturing a flexible vibration module, the method 1including:
manufacturing a piezoelectric composite including a plural-
ity of inorganic material portions and a plurality of organic
material portions connected between the plurality of 1nor-
ganic material portions, based on an inorganic material
mother substrate having a piezoelectric characteristic and an
organic material having flexibility, forming a first electrode
layer on a first surface of the piezoelectric composite and a
second electrode layer on a second surface of the piezoelec-
tric composite, applying a voltage to the first electrode layer
and the second electrode layer to form polarization of each
of the plurality of inorganic material portions 1n a tempera-
ture atmosphere, and forming a protection film on each of
the first electrode layer and the second electrode layer.

Other systems, methods, features and advantages will be,
or will become, apparent to one with skill 1n the art upon
examination of the following figures and detailed descrip-
tion. It 1s intended that all such additional systems, methods,
teatures and advantages be included within this description,
be within the scope of the present disclosure, and be
protected by the following claims. Nothing 1n this section
should be taken as a limitation on those claims. Further
aspects and advantages are discussed below 1n conjunction
with embodiments of the disclosure. It 1s to be understood
that both the foregoing general description and the following
detailed description of the present disclosure are examples
and explanatory, and are intended to provide further expla-
nation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, that may be included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of thus specification,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles of the
disclosure.

FIG. 1 1s a perspective view ol a display apparatus
according to an embodiment of the present disclosure.
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FIG. 2 1s a cross-sectional view taken along line I-I'
illustrated in FIG. 1.

FIG. 3 1s a cross-sectional view of a flexible vibration
module of a display apparatus according to an embodiment
of the present disclosure.

FIG. 4 1s a diagram 1llustrating a piezoelectric composite
layer according to a first embodiment of the present disclo-
sure.

FIG. SA 1s a diagram illustrating an example 1n which
both ends of the piezoelectric composite layer of FIG. 4 are
tolded upward.

FIG. 5B 1s a diagram 1llustrating an example in which the
both ends of the piezoelectric composite layer of FIG. 4 are
folded downward.

FIG. 6 1s a diagram 1llustrating a piezoelectric composite
layer according to a second embodiment of the present
disclosure.

FI1G. 7 1s a diagram 1llustrating a piezoelectric composite
layer according to a third embodiment of the present dis-
closure.

FIG. 8 1s a diagram 1llustrating a piezoelectric composite
layer according to a fourth embodiment of the present
disclosure.

FI1G. 9 1s a diagram illustrating an example in which both
ends of the piezoelectric composite layer of FIG. 8 are
tolded downward.

FIG. 10 1s a diagram 1llustrating a piezoelectric composite
layer according to a fifth embodiment of the present disclo-
sure.

FI1G. 11 1s a diagram 1llustrating a piezoelectric composite
layer according to a sixth embodiment of the present dis-
closure.

FIG. 12 1s a diagram illustrating an embodiment of the
piezoelectric composite layer 1llustrated 1n FIG. 11.

FIG. 13 1s a diagram illustrating a flexible vibration
module according to another embodiment of the present
disclosure.

FIG. 14 1s a perspective view of a display apparatus
according to another embodiment of the present disclosure.

FIG. 15 1s a diagram illustrating first and second vibration
modules on a rear surface of a display panel illustrated in
FIG. 14.

FIG. 16 1s a diagram illustrating a first modification
embodiment of each of first and second vibration modules
illustrated 1n FIG. 15.

FIG. 17 1s a diagram 1llustrating a second modification
embodiment of each of first and second vibration modules
illustrated 1n FIG. 15.

FIG. 18 1s a diagram illustrating an example of each of
first to fourth vibration modules on the rear surface of the
display panel illustrated 1n FIG. 14.

FIGS. 19A to 19C are diagrams 1illustrating various dis-
play apparatuses to which a flexible wvibration module
according to an embodiment of the present disclosure may
be applied.

FIGS. 20A to 20C are diagrams illustrating a method of
manufacturing a flexible vibration module according to an
embodiment of the present disclosure.

FIGS. 21A to 21D are diagrams illustrating a method of
manufacturing a flexible vibration module according to
another embodiment of the present disclosure.

FIGS. 22A to 22F are diagrams 1llustrating a method of
manufacturing a flexible vibration module according to
another embodiment of the present disclosure.

FIG. 23 1s a graph showing experimental results of a
sound pressure characteristic based on the presence of a
display panel with respect to a flexible vibration module
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provided according to a first embodiment and a film speaker
provided according to a comparative example.

FIG. 24 1s a graph showing experimental results of a
sound pressure characteristic of an organic light-emitting
diode display panel on which the tlexible vibration modules
according to the first to third embodiments of the present
disclosure are attached.

FIG. 25 1s a graph showing experimental results of a
sound pressure characteristic of an organic light-emitting,
diode display panel on which the flexible vibration modules
according to the first to fourth embodiments of the present
disclosure are attached.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals should be understood to refer to the same ele-
ments, features, and structures. The relative size and depic-
tion of these elements may be exaggerated for clarity,
illustration, and convenience.

DETAILED DESCRIPTION

Retference will now be made in detail to embodiments of
the present disclosure, examples of which may be illustrated
in the accompanying drawings. In the following description,
when a detailed description of well-known functions or
configurations related to this document 1s determined to
unnecessarily cloud a gist of the inventive concept, the
detailed description thereof will be omitted. The progression
of processing steps and/or operations described 1s an
example; however, the sequence of steps and/or operations
1s not limited to that set forth herein and may be changed as
1s known 1n the art, with the exception of steps and/or
operations necessarily occurring in a particular order. Like
reference numerals designate like elements throughout.
Names of the respective elements used in the following
explanations are selected only for convemence of writing the
specification and may be thus different from those used 1n
actual products.

It will be understood that, although the terms *“first,”
“second,” etc. may be used herein to describe various
clements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure.

The term “at least one” should be understood as including
any and all combinations of one or more of the associated
listed 1tems. For example, the meaning of “at least one of a
first item, a second item, and a third item” denotes the
combination of all items proposed from two or more of the
first item, the second item, and the third item as well as the
first item, the second item, or the third item.

In the description of embodiments, when a structure 1s
described as being positioned “on or above” or “under or
below” another structure, this description should be con-
strued as 1ncluding a case 1n which the structures contact
cach other as well as a case 1n which a third structure 1s
disposed therebetween. The size and thickness of each
clement shown in the drawings are given merely for the
convenience ol description, and embodiments of the present
disclosure are not limited thereto.

Features of various embodiments of the present disclosure
may be partially or overall coupled to or combined with each
other, and may be variously inter-operated with each other
and driven technically as those skilled in the art can suith-
ciently understand. Embodiments of the present disclosure
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may be carried out independently from each other, or may be
carried out together 1n co-dependent relationship.

Hereinafter, a display apparatus according to an embodi-
ment of the present disclosure will be described in detail
with reference to the accompanying drawings. In adding
reference numerals to elements of each of the drawings,
although the same elements are 1llustrated in other drawings,
like reference numerals may refer to like elements.

For a display apparatus to provide a sound, a speaker may
be implemented 1n a film type. A film-type vibration module
may be manufactured to have a large area, and may be
applied to a display apparatus having a large areca. However,
because the film type vibration module 1s low 1n a piezo-
clectric characteristic, 1t may be diflicult to apply the film-
type vibration module to a large area due to a low vibration.
When ceramic 1s used for enhancing a piezoelectric char-
acteristic, the film type vibration module may weak 1n
durability, and a size of ceramic may be limited. When a
vibration module including a piezoelectric composite
including piezoelectric ceramic 1s applied to a display appa-
ratus, because the piezoelectric composite vibrates 1 a
horizontal direction with respect to a left-right direction (for
example, a horizontal direction with respect to a left-right
direction of the display apparatus), 1t may unable to sufli-
ciently vibrate the display apparatus in a vertical (e.g.,
front-to-rear) direction. Thus, 1t may diflicult to apply the
vibration module to the display apparatus, and 1t may unable
to output a desired sound to a forward region 1n front of the
display apparatus. When a film-type piezoelectric 1s applied
to a display apparatus, a sound pressure characteristic
thereol may be lower than that of general speakers, such as
exciters. When a stacked film type piezoelectric, in which a
film-type piezoelectric 1s configured with a multilayer to

improve a sound pressure, 1s applied to a display apparatus,
power consumption may increase.

Therefore, the inventors have performed various experi-
ments for implementing a vibration module for enhancing a
piezoelectric characteristic, stiflness, and flexibility. For
example, the inventors have recognized that, when a vibra-
tion module 1s formed of a composite including a filler
having a high dielectric constant, a piezoelectric character-
1stic 1s low, and thus, 1t 1s unable to realize a desired sound.
Through the various experiments, the inventors have recog-
nized that a vibration module should be formed of piezo-
clectric ceramic to have a piezoelectric characteristic, and
should be formed of an organic material to secure stiflness
and flexibility. Through the various experiments, the mven-
tors have recognized that a vibration module should be
formed of piezoelectric ceramic to have a piezoelectric
characteristic, and should be formed of a material, such as a
polymer, to solve fragility of piezoelectric ceramic. The
inventors have recognized that, when a vibration module 1s
configured so that a material, such as a polymer, 1s included
in a piezoelectric ceramic composite, the vibration module
has flexibility. Therefore, the inventors have invented a
display apparatus including a vibration module having a new
structure for enhancing a piezoelectric characteristic, stifl-
ness, and flexibility. This will be described below.

According to an embodiment of the present disclosure, a
flexible vibration module may be manufactured to have a
good sound pressure characteristic, a good sound localiza-
tion characteristic, and a tlexible characteristic, and may be
invulnerable to an external impact. A display apparatus may
include the flexible vibration module, thereby enhancing
reliability and consumer satisfaction. The display apparatus
may be one of: a curved, a rollable, a bendable, and a flexible
display apparatus. According to an embodiment of the
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present disclosure, a flexible vibration module may have
various shapes, such as a two-dimensional (2D) shape and a
three-dimensional (3D) shape, based on flexibility, and a
method of manufacturing the flexible vibration module may
be provided.

FIG. 1 1s a perspective view ol a display apparatus
according to an embodiment of the present disclosure. FIG.
2 15 a cross-sectional view taken along line I-I' 1llustrated 1n
FIG. 1.

With reference to FIGS. 1 and 2, a display apparatus
according to an embodiment of the present disclosure may
include a display panel 100 and a flexible vibration module
200 on a rear surface of the display panel 100. A “rear
surface” may denote a surface of the display panel opposite
to a front surface of the display panel including the display
area for displaying an 1image. The display panel 100 may be
a curved display panel, or may be any type of display panel,
such as a liquid crystal display panel, an organmic light-
emitting display panel, a quantum dot light-emitting display
panel, a micro light-emitting diode display panel, and an
clectrophoresis display panel. For example, if the display
panel 100 vibrates by the flexible vibration module 200 to
generate a sound wave (e.g., sound) or to 